13 CO(1-0) and infrared data, to search the quantitative evidence for the triggering star formation by collect and collapse (CC) and radiatively driven implosion (RDI) models. These H II regions display the morphology of the complete or partial bubble at 8 µm, which all are associated with the surrounding molecular clouds. We obtained that the electron temperature ranges from 5627 K to 6839 K in these H II regions, and the averaged electron temperature is 6083 K. 
INTRODUCTION
Isolated low-mass star formation has been well understood, the scenario of massive star formation and clustered star formation remain unclear. The feedback of massive star has significant impact on the surrounding environment, such as H II region, stellar winds, and supernova remnant (SNR) ( form. On the other hand, when these energetic products of massive star collide with some pre-existing compact cloud cores, it will trigger the cloud cores to collapse. The triggered stars may form more quickly than quiescent isolated star formation. Moreover, since H II region, stellar winds, and SNR may impact on the large range of molecular clouds, then the clustered star formation may be triggered. Previous observations toward some SNRs (Junkes et al. 1992 , Paron et al. 2009 , Xu et al. 2011 , Xu & Wang 2012 suggest that although some identified young stars are distributed around the SNRs, the obtained age of these SNRs is not enough large than time scales of young stars. What did trigger these young stars? SNRs may explode in the molecular shell produced by the H II region and/or stellar winds of their progenitor (Junkes et al. 1992 , Paron et al. 2009 , Zhou et al. 2009 ), then the young stars found in the surrounding of SNRs may be triggered by the H II region and/or stellar winds.
Previous studies toward individual H II regions suggest that H II regions can trigger the young star formation (for example, Zavagno et al. 2010 , Dewangan et al. 2012 , Paron et al. 2011 , Dirienzo et al. 2012 ).
Two processes have been considered for the triggering of star formation at the edge of the H II regions, namely 'collect and collapse (CC)' (Dale et al. 2007 ) and 'radiation driven implosion (RDI)' (Sandford et al. 1982) . In the CC process, a compressed layer of high-density neutral material forms between the ionization front and shock front preceding it in the neutral gas, and star formation occurs when this layer becomes gravitationally unstable, first proposed by Elmegreen & Lada (1997) . Massive star formation may be triggered by CC process (Whitworth et al. 1994) ; In RDI process, the shocks drive into pre-existing density structures and compress them to form stars, which is characterized by the cometary globules or optically bright rims. Bright-rimmed clouds (BRCs) found in H II regions are potential sites of triggered star formation by RDI process. The RDI process may trigger the low-mass and intermediate-mass star formation (Reipurth 1983) . Recently, observational searches for evidence of triggered star formation focused on Churchwell et al. (2006) bubbles. Churchwell et al. (2006) concluded that about 25% of the bubbles coincide with known radio H II regions, while Deharveng et al. (2010) suggested that about 86% of the bubbles contain ionized gas detected by the radio-continuum emission. Although nearly all GLIMPSE bubbles may be caused by H II regions, about half of all Galactic H II regions have a bubble morphology in the infrared band (Bania et al. 2010) .
In this paper we will study 25 H II regions with bubble-like morphologies in a same way to analyze triggered star formation in H II regions. In Section 2, we summarize the selection of sample and young stars.
In Section 3, we give the general results and discussion. In Section 4, we summarize our main conclusions.
DATA

Sample selection
The target sample was constructed by applying the following criteria: (1) The selected H II regions are in the GBT-Arecibo-GRS-NVSS-GLIMPSE surveys overlap regions. (2) The size of each selected H II region must be greater than the beam size of the surveys. (3) The selected H II regions have a bubble morphology at 8 µm. From this criteria, we selected 25 H II regions as our sample, 16 of which are associated with Multi-wavelength study of triggered star formation around 25 H II regions 3 name, the Galactic longitude and latitude, the LSR velocity of H α , and integrated flux density (S). The properties of these surveys are summarized below.
In the GBT survey ), 448 previously unknown Galactic H II regions were detected at X-band (9 GHz, 3 cm) in the Galactic zone 343
• ≤ ≤67
• and |b|≤1
• . The FWHM beam size of the telescope is approximately 82 at this frequency. Additionally, in the Arecibo H II region surveys, Bania et al. (2012) reported the discovery of 37 previously unknown H II regions with the Arecibo telescope at X-band (9 GHz, 3 cm). The Galactic zone of survey is 31
• ≤ ≤66
• with |b|≤1
• . Its beam is nearly three times smaller than that of the GBT.
To trace the ionized gas and investigate the molecular gas distribution of the surrounding H II regions, we used the NVSS and BU-FCRAO GRS surveys. NVSS is a 1.4 GHz continuum survey covering the entire sky north of -40
• declination (Condon et al. 1998 ) with a noise of about 0.45 mJy/beam and the resolution of 45 . While the GRS is a new survey of Galactic 13 CO(1-0) emission (Jackson et al. 2006 6.3, 7.3, 8.3, 9.4, 10.4, 12.5, 13 .6, 14.6 km s −1 . (7) 5. 2, 6.3, 7.3, 8.3, 9.4, 11.5, 12.5, 13.6, 14.6 7, 4.3, 4.8, 5.4, 6.0, 6.5, 7 .1, 7.7 km s −1 . (10) 5. 9, 6.5, 7.1, 7.7, 8.3, 8.9, 9.5, 10.1, 10.7, 11.3, 11.8 km s −1 . (11) 5.3, 6.1, 6.9, 7.7, 8.5, 9.3, 10.2, 11.0 km s −1 . (12) 2.7, 3.3, 3.8, 4.3, 4.9, 5.4, 6.0, 6.5, 7 .0, 7.6 km s −1 . (13) 7.6, 9.1, 10.7, 12.2, 13.7, 15.2, 16.7, 18.3, 19.8 (21) 4.7, 5.9, 7.1, 8.4, 9.6, 10.9, 11.1, 13.3, 14.6 km s −1 . (23) select the velocity components of 13 CO(1-0) associated with the H II regions, whose peak is located between two vertical dashed lines in Figure 1 (Left panels). Vis Gaussian fits to all the spectra, we obtain the central line velocity (V LSR ), the peak intensity(T mb ), and full width at half-maximum (FWHM).
Based on the Galactic rotation model of together with R = 8.5 kpc and V = 220 km s −1 , where V is the circular rotation speed of the Galaxy, we derive the kinematic distances of these H II regions. However, an H II region at a specific radial velocity can be at either the near or Figure 1 (Left panels), we find that if an H II region is far distance, 13 CO(1-0) spectrum of the associated molecular clouds has several velocity components in between the tangent-point and system velocity. Because G19.813+0.010 and G38.353-0.134 have several velocity components in between the tangent-point and system velocity, we suggest that both H II regions may be at far distance. The velocity of G45.770-0.372 is near tangent-point velocity, we adopt the tangent-point distance as that of G45.770-0.372.
The fitted and obtained results are summarized in Table 1 .
The age of H II regions
Above analysis suggest that the characteristics of the surrounding medium may affect the processes of triggered star formation. Moreover, the time scale is also important for deciding the triggered star formation.
Assuming each H II region expanding in a homogeneous medium, the dynamical ages of each H II region can be estimated by using the model (Dyson & Williams 1980) 
where R HII is the radius of the H II region, n i is the initial number density of the gas and Q Ly is the ionizing luminosity. Because the 8 µm bubble of these H II regions are filled with the 1.4 GHz continuum emission, we take the size of the bubbles as the radius of the H II regions. In previous studies toward several H II regions ( Zavagno et al. 2006; Deharveng et al. 2008; Paron et al. 2009 , Paron et al. 2011 Pomarès et al. 2009; Dirienzo et al. 2012) , they all determined an initial number density of ∼10 3 cm −3 .
Here, we also adopt an initial number density of ∼10 3 cm −3 for all the H II regions. Assuming the emission is optically thin free-free thermal continuum, Q Ly was computed by Mezger et al. (1974) Q Ly = 4.761 × 10 48 a(ν,
Where ν is the frequency of the observation, S ν is the observed specific flux density, and D is the distance to the H II region. a(ν, T e ) is defined by Mezger & Henderson (1967) a(ν, T e ) = 0.366(
T e is the electron temperature given by Paladini et al. (2004) and Tibbs et al. (2012) T e = (4166 ± 124) + (314
According to the rotation curve models of , the Galactocentric distance of H II regions d can be given by
Where V is the rotation velocity around the Galactic center of an H II region at a Galactocentric distance, and ω is the rotation velocity and angular velocity of the Sun. The fitting coefficients a 1 , a 2 and ω are 0.99334, 0.0030385 and 27.5 km s −1 , respectively. In the Arecibo H II region survey, because they did not give the flux density of each H II region at 9 GHz, we replace the flux by that at 1.4
GHz. The obtained electron temperature, ionizing luminosity, and age of 18 H II regions are listed in Table   2 . From Table 2 , we see that T e ranges from 5627 K to 6839 K in these H II regions, and the averaged T e is 6083 K; a(ν,T e ) is about 0.9 for all the H II regions. Moreover, t HII ranges from 3.0×10 5 yr to 1.7×10 6 yr, 
The morphology of the molecular clouds
To show the morphology of the molecular clouds associated with H II regions, we made the velocityintegrated intensity maps of 13 CO(1-0) superimposed on each H II region map. The velocity ranges are obtained from the spectrum marked by two vertical dashed lines in Figure 1 (Left panels). In Figure 1 the H II regions in the groups 1 and 2, the molecular clouds with compact core regularly distribute around the PAHs emission, it is strong evidence in favor of the CC model. In addition, with the evolution of H II region, the H II regions in group 3 may become the morphology of that in groups 1 and 2.
The physical parameters of the molecular clouds
Assuming local thermodynamical equilibrium (LTE) and using the 13 CO(1-0) line, the column density of the clumps in cm −2 was estimated to be Garden et al. (1991) N H2 = 1.25 × 10
where dv is the velocity range in km s −1 . Here we adopt a relation N H2 ≈ 5 × 10 5 N13 CO (Simon et al. 2001 ) and the average excitation temperature of 20 K from previous studies (Paron et al. 2011 , Dirienzo et al. 2012 . If the clumps are approximately spherical in shape, the mean number density H 2 is Whitworth et al. 1994 , implying that the shocked layer of these H II regions have been gravitationally fragmented.
Outflow detected
Millimeter-wavelength continuum surveys of the Galactic plane provide the most efficient way to find BGPS sources are located at the center of molecular cores. An outflow is strong evidence of the earlier star-forming activity. In order to search for the activity of star-forming activity, we detect outflows for these BGPS sources associated with H II regions and molecular cores. If several cores are linked together, then it is difficult to determine the component of the outflows. Hence, we only selected the BGPS sources associated with the isolated cores. In 25 H II regions, we find that the molecular cores associated with 7 H II regions satisfy the above criterion. For these molecular cores, we first drew position-velocity (P-V)
diagrams. According to the P-V diagrams, we selected the integrated range of wings and determined the outflow intensities of red and blue lobes. Seven molecular outflows were identified by the contours of inte- Table 3 .
DISCUSSION
Assessment of triggered star formation
IRAS Point Source Catalog has reveal a number of stellar objects, which are younger than pre-main sequence stars (Beichman et al. 1986 , Fukui et al. 1989 . Hence, the IRAS point source is a good signpost of very early stages of star formation. In order to explore a causal relationship between the H II regions and star formation, we have searched for protostellar candidates in the IRAS Point Source Catalog that fulfill the following selection criteria (Jankes et al. 1992 & Xu et al. 2011 (1) F 100 ≥ 20 Jy, (2) 1.2 ≤ F 100 /F 60 ≤ 6.0, (3) F 25 ≤ F 60 , and (4) R IRAS ≤ 1.5 · R HII , where F 25 , F 60 and F 100 are the infrared fluxes at three IR bands (25µm, 60µm and 100µm), respectively. The first criterion selects only strong sources. The second and third discriminate against cold IR Point sources probably associated with cool stars, planetary nebulae, and cirrus clumps. While the fourth guarantees that the search diameter (R IRAS ) include the complete surface of H II regions. IRAS sources were found in a search circle within above criteria. The name, coordinates, and flux at the 12, 25, 60, 100 µm of these IRAS point sources are listed in Table 3 . Infrared luminosity (Casoli et al. 1986 ) and dust temperature (Henning et al. 1990 ) are expressed respectively as,
T d = 96 (3 + β) ln(100/60) − ln(F 60 /F 100 ) ,
Where D is the distance from the sun in kpc. The emissivity index of dust particle (β) is assumed to be 2. The calculated results are presented in Table 3 . From the Table 3 , we can see that the infrared luminosity L IR of each IRAS source is larger than 10 3 L , which is associated with that of bubble N131 (Zhang et al. 2013) . The IRAS sources associated with the BRCs have L IR from ∼10 to 10 3 L (Sugitani et al. 1991) . In addition, Junkes et al. 1992 Figure 1 (Right panels), we see that all the IRAS sources are associated with PAH emission and some IRAS sources are located at the peak of 13 CO molecular clumps, indicateing that these IRAS sources with the larger infrared luminosity may be triggered by CC process.
To further search for primary tracers of the star-formation activity in the surroundings of H II regions, we used the GLIMPSE I catalog, which consists of point sources that are detected at least twice in one band. Based on the photometric criteria of Allen et al. (2004) , we search for young star objects (YSO)
candidates within a circle of >1.5 radius centered at each H II regions. From the database, we constructed a 
